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INTERNET PROTOCOL OVER WDM NETWORK, AND PACKET 
COMMUNICATION SYSTEM AND METHOD IN THE IPOW NETWORK 



TECHNICAL FIELD 

The invention relates generally to an Internet Protocol(lP) which can directly 
route/transmit packets via a Wavelength Division Multiplexing (WDM) optical 
communication nelwork. More particularly, the present invention relates to an Internet 
Protocol Over WDM (IPOW) optical communication network, a packet transmitting/receiving 
system in the network and method using the nelwork. 

BACKGROUND OF THE INVENTION 

A conventional method of routing/transmitting a packet will be below explained. 

First, mere is a TCP/IP (transmission control protocol/internet protocol), which is a 
standard protocol for processing IP packets. As TCP/IP is not limited by the type and size 
of LAN (local area network) and external networks connected to the LAN there is an 
advantage that it could be flexibly configured. Since it is impossible to expect the 
structure of a network, however, IP addresses in all the nodes through the packet 
transverses must be translated for routing when a transfer path for a packet is established. 
Therefore, if it is desired that inter-LAN transverse packets are routed/transmitted at high 
speed, there arc problems that the address system is complicated and the delay of the 
packet transfer is increased. 

Next, there is an SDH/SONET (synchronous digital hierarchy/synchronous optical 
network), which is a representative method used to transfer an IP packet via an optical 
transfer path. More particularly, this method is one to transfer a SDH/SONET packet via 
an optical transfer path in which an overhead defined by SDH/SONET protocol is added to 
the IP packet. However, there is a drawback that its transfer efficiency is reduced since 
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the amount of overhead added in SDH/SONET protocol hierarchy is great Also, as the 
cost of the SDH/SONET apparatus is high, if it is used in a subscriber network for 
accommodating internet subscribers, it adds a substantial cost to the service providers and 
the subscribers. As well, as the transfer equipment and the optical system which have the 
5 same capacity must be installed at entire networks for implementing a self-healing function 
in the SDH/SONET apparatus, there are problems that it is nearly impossible to extend the 
capacity of the networks depending on demand on communications or a substantial cost is 
required upon extension of the capacity. 

Then, there is an internet protocol in an asynchronous transfer mode (ATM) over 
10 SDH/SONET. This method is one by which after ATM frame information is added to un 
IP packet, overhead information on SDH/SONET must be added again in order to transfer 
the packet along the optical transfer path. This method, however, is the slowest method in 
the transfer efficiency. 

Finally, in an internet protocol over WDM scheme that is commonly considered, if 
15 the total traffic is increased by terabit level, there is a problem that the routing processing 
capacity must be increased by the terabit level. 

As mentioned above, there are advantages that the TCP/IP allows a flexible 
network configuration and the SDH/SONET or the ATM could provide various services 
through it. Due to flexibility of the network configuration and its service, however, there 
20 is a problem that the routing and transfer efficiency of a packet is lowered. Also, the 
above-mentioned schemes have a problem that Ihey require expensive optical elements and 
systems such as OXC, OADM, wavelength converter, tunable LD, etc. so that they can be 
accommodated over WDM. 
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SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide an internet protocol over 
WDM network structure/and a packet transmit/receive system and method using the same 
which can route and transfer a packet at high speed in order to satisfy bandwidth and 
quality of service (QoS) being the core requirements in accommodating internet service. 
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That is, the present invention is based on a wavelength division multiplexing technology 
for internet service, which is directed to supplement and comprise flexibility of network 
configuration, diversity of services, and the routing and transfer efficiency of packet. 

5 Tn order to accomplish the above object, an internet protocol over wavelength 

division multiplexing (WDM) optical communication network structure according to the 
present invention is characterized in that it comprises: 

The internet protocol over wavelength division multiplexing (WDM) network 
struclure comprising: a plurality of sub-ring for connecting n number of terminals ( where n 

10 is a positive integer) to which unique user wave lengths are respectively allocated; a main 
ring for connecting n number of connection nodes connecting sub-rings lo which unique 
user wave lengths are respectively allocated; a single sub-ring controller connected to the 
single sub-ring and the main ring, and controlling the flows of a packet 

HI 

ju transmitted/received inside the sub-ring and a packet transmitted/received between the sub- 

W 1 5 ring and the main ring; and a main ring controller for controlling the flow of a packet 

t^. transmitted/received inside the main ring, wherein the terminals and connection nodes each 

s add/drop only their own unique wavelength signals, the sub-ring controller and main ring 

Ui controller drop all the wavelength division multiplexed signals to de-multiplex the signals, 

fU load each of the signals on their unique user wavelengths in their destination terminals, and 

«f 20 then multiplex again the signals lo transmit to the sub-ring and main ring, and the sub-ring 

H : 

O controller adds the identifying code (which is called a X tag) of the sub-ring having a 

destination terminal, lo Ihe transmitted packet, and then transmits il to the main ring. 

Also, A sub-ring controller, in an internet protocol over wavelength division 
25 multiplexing network structure including the n number of terminals (where n is a positive 
integer) to which unique user wavelengths are respectively allocated, and a sub ring for 
connecting the n number of terminals in a ring shape, comprising: a de-mulliplexing means 
for dropping the wavelength division multiplexed signals passing through the sub-ring by 
wavelengths to de-multiplex the wavelength division multiplexed signals; a routing means 
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for establishing the path of the de-multiplexed packet by the destination terminal, using the 
destination terminal address included in the packet; a packet grouping means for grouping 
the packet for which its path is established by its destination terminal; a wavelength 
allocating means for loading the packet grouped by its path on the unique user wavelengths 
5 of the destination terminals; and a wavelength multiplexing means for multiplexing all the 
wavelength transformation signals for all the destination terminals to transmit the 
multiplexed signals to the sub-ring. 

Further, A main ring controller for receiving an extended packet to which a X tag is 
attached from a source sub-ring controller to transmit the packet to a destination sub-ring 
controller* comprising: a X-tag delineator for delineating u destination sub-ring using the X- 
tag added to the packets; a X-tag based switching section for distributing the packets by 
their destinations according to the X-tag of the destination terminal; at least n number of 
buffers lor storing the packets distributed according to the destination at the X-tag based 
switching section; at least n number of lead frame sections for reading the packets from 
each of the buffers and for adding the X-tag corresponding to the destination; and the n 
number of transmitters for reading the packets from each of the buffers to transmit the 
packets with optical signals having wavelengths allocated to the destination. 

20 Also, A method of transmitting/receiving packets in a sub-ring controller for 

controlling transmission/reception of the packets between any two of terminals, in an 

internet protocol over wavelength division multiplexing (WDM) network including the n 

number of terminals (where n is a positive integer) to which unique user wavelengths are 

• respectively allocated, comprising the steps of: if a source terminal transmits packets 
) 

25 containing destination terminal addresses on their own unique user wavelengths, routing 
the paths of the packets by the destination terminal addresses using the destination terminal 
addresses contained in the packets; grouping the packets to be transmitted to the destination 
terminals; and loading the grouped packets on the unique user wavelengths of the 
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destination terminals and then transmitting the packets to the sub-ring, whereby the 
destination terminal drops the grouped packets. 
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Also, An internet protocol over wavelength division multiplexing (WDM) network 
structure comprising: the n number of terminals (where n is a positive integer) to which 
5 unique user wavelengths are respectively allocated; a single controller for controlling the 
flow of a packet transmitted between two terminals; and a ring network for connecting the 
n number of terminals and the single controller in a ring shape, wherein wavelength 
division multiplexed signals are transmitted along the ring network, wherein the terminals 
each add/drop only their own unique user wavelength signals among the wavelength 
10 division multiplexed signals transmitted via the ring network, and the controller drops all 
the wavelength division multiplexed signals transmitted via the ring network lo de- 
multiplex the signals, loads each of the signals on their unique user wavelengths in their 
destination terminals, and then multiplexes again the signals to transmit to the ring network. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 The aforementioned aspects and other features of the present invention will be 

explained in the following description, taken in conjunction with the accompanying 
drawings, wherein: 

Fig. 1 is a sub-ring structure in an Internet Protocol Over WDM(IPOW) network 
according to one embodiment of the present invention; 
20 Fig. 2 shows horizontally extended structures of two sub-rings; 

Fig. 3 shows vertically extended structures of three sub-rings; 
Fig. 4 shows one embodiment of a wavelength coupler, which is installed at each of 

the terminals in the sub-ring and at each of the connection nodes in the main ring; 

Fig. 5 is a functional block diagram of a sub-ring controller according to one 
25 embodiment of the present invention; 
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fig. 6 is a construction of a high-level network controller according to one 
embodiment of the present invention; and 

Fig. 7 to 9 are simplified views of the horizontally extended IPOW network in Fig. 
2 for explaining a routing scheme in an internet protocol over WDM network according to 
5 various embodiments of the present invention. 



Ul 



DETAILED DESCRIPTION OF THE INVENTION 

"An internet protocol over wavelength division multiplexing (WDM) optical 
communication network structure, a packet transmit/receive system in this network 
structure and method using the IPOW optical communication network structure** according 
10 lo one embodiment of the present invention, will be explained in detail by way of a 
preferred embodiment with reference to accompanying drawings. 

Fig. 1 is a sub-ring structure in an internet protocol over WDM (hereinafter called 
"IPOW") network according to one embodiment of the present invention. 

The internet protocol over WDM network includes the m number of connection 
15 nodes (where rn is a positive integer) to which unique user wavelengths arc respectively 
allocated, a single main ring controller (MR-CN) for controlling the flow of a packet 
transmitted between given two of connection nodes, and a main ring for connecting said m 
number of connection nodes and said single main ring controller in a ring shape, wherein 
each of the connection nodes are connected to said sub-ring via said sub-ring controller 
20 (SR-CN). 

j The n number of terminals (where n is a positive integer) to which unique user 

wavelengths arc respectively allocated, and a single sub-ring controller for controlling the 
flow of a packet transmitted between two terminals are connected to the sub-ring controller, 
and the sub-ring connects said n number of terminals and said single sub-ring controller in 
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a ring shape, wherein wavelength division multiplexed signals are transmitted along said 
sub-ring. 



4S 



Fig. 2 illustrates an example of a network structure including a main ring and a 
5 single sub-ring in the IPOW network structure according to ihe present invention. 

The network structure includes the m number of connection nodes (where m 
positive integer) 21 to which unique user wavelengths are respectivejy-attgeated, a single 
main ring controller 22 for controlling the flow of ^p3c1<et transmitted between two 
connection nodes, and a main ring 23 for cojwntcling the n number of connection nodes 21 
10 and the single main ring controll£j>22 in a ring shape and along which wavelength division 
multiplexed signals car^fe^transmitted, wherein the connection nodes 21 is connected to 
the sub-ring Tfr^vd the sub-ring controller 24. Of course, n number of terminals may be 
conjv&ded to the sub-ring 26. 

Each of the connection nodes 21 adds/drops only its own unique user wavelength 
1 5 signal among wavelength division multiplexed signals that are transmitted via the main 
ring 23 since wavelength couplers are mounted. The main ring controller 22 drops all the 
wavelength division multiplexed signals transmitted via the main ring 23 and then de- 
multiplexes the result. Then, it loads respective signals on their unique user wavelengths 
in the connection nodes to which the sub-ring belonging to their destination terminals is 
20 connected, multiplexes again the signals and then transmits the multiplexed signals to the 
main ring 23. 

j^v^^^That is, m number of sub-rings is connected to this main ring, mdjnjw^ib^r^ 
terminals is connected to respective sub-rings. In an JPOWjietwSrTfof a two-layer ring 
structure having these main ring/sub-rings, jn^rTnumber of terminals is connected. The 
25 main ring and the sub-rtng^^e^ebnnected via a sub-ring controller. The sub-ring 
controller is a cpjHr€ction point of the main ring and the sub-ring and is also responsible for 
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relaying transmission/reception of a packet between the tenriinajsjiQ^ I he 

main ring controllerisji_xonfrolnuxie for switching/transmitting inter-sub-ring packets 
beiii^etTTfieterminals connected to other sub-rings. 

The network structure of the present invention has the following four prerequisites. 
5 First, all the sub-ring controllers share information on IP addresses of all the terminals 
connected to the whole network and the wavelength allocated to the sub-ring to which its 
IP address belongs. Second, all the terminals connected to a given sub-ring communicate 
with corresponding sub-ring controllers using different wavelengths. The terminals 
connected to the different sub-rings, however, may reuse the same wavelength. Third, al T 
10 the sub-ring controllers connected to the main ring communicate with the main ring 
controller using different wavelengths, fourth, respective terminals communicate via the 
sub-ring controllers each of which is connected to the sub-rings, respectively, and all the 
sub-ring controllers communicate via a single main ring controller managing them. 
Above-mentioned structure of the sub-ring will now be explained in detail. 



This sub-ring includes the n number of terminals 1 1 (where n is a positive 



to which unique user wavelengths are respectively allocated, a single sub-ripg^onlroller 12 
for controlling the flow of a packet transmitted between tw^terrfuruils, and a sub-ring 13 
for connecting the n number of terminals 1 1 ancUhtfsingle sub-ring controller 12 in a ring 
shape and along which wavelengt{^divlsion multiplexed signals can be transmitted. To 
20 respective terminals maylJe connected end users or a group of users. If the end user is 
connected^n-t5ptical network interface card is mounted. If the group users are connected, 
4 an^0f)ttcal network interface unit is mounted. 



^ VWavelength couplers, connected to the respective termbajs^achi 



its 



own unique user wavelength signal among wavelengtrTdrvision multiplexed signals that are 
25 transmitted via the sub-rin^j3<^fhe sub-ring controller 12 drops all the wavelength 
division mu!hj^*tffsignals transmitted via the sub-ring 13 to de-multiplex them. Then, it 
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loads respective signals on their unique user w avelengt h s allocated fn thni r d r^trnHtioTr 
terminals, multipJs^e&-agSifnKTsignals and then adds the multiplexed signal to the sub- 

r\i _ 

In this IPOW network, a method of transmitting a packet between any Iwo 
5 terminals will be explained as follows. 

First, a method of transmitting a packet from a terminal i to a terminal j within a 
sub-ring will be explained as follows. 

The terminal i generates a packet to be transmitted to the terminal j, adds/extends a 
source address and a destination address to the packet, and then loads the extended packet 

i 

_ ? 10 on his unique user wavelength (X j). Then, the wavelength coupler in the terminal i 

yQ adds/multiplexes the unique user wavelength on which the extended packet is loaded lo the 

= 5 wavelength division multiplexed signal in the sub-ring to send it. The wavelength 

^ division multiplexed signal transverses the sub-ring and then drops to the sub-ring 

y 

01 controller. Then, the sub-ring controller de-multiplexes the wavelength division 

1 5 multiplexed signal, loads it on the unique user wavelength (X j) in the terminal j being the 

H 8 destination terminal, using the destination address included in the corresponding packet, 

ru 

fy and then performs wavelength division multiplexing process for the de-multiplexed 

SJ 

„: wavelength division signal along with other wavelengths to transmit the result to the sub- 

0 . ring. The wavelength coupler in the terminal j drops only its own unique user wavelength 

20 (X j) among the wavelength division multiplexed signals that flow into the sub-ring. By 
doing so, each of terminals belonging to the same sub-rings is transmitted by the sub-rings 
) and the sub-ring controller, without traversing the main ring. 

Next, referring to Fig. 2 and 3, a method of transmitting a packet between terminals 
belonged to different sub-rings will be explained as follows. Fig. 3 is a simplified view of 
25 the two-layer IPOW network for explaining a routing scheme in an internet protocol over 
WDM network according to one embodiment of the present invention. 
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As each of the terminals uses the wavelength allocated to itself to communicate 
with the sub-ring controller, both the terminal and the sub-ring controller transmits an 
optical signal only in one direction, for example, only in a clockwise direction or an ant- 
clockwisc direction, so that wavelength collision does not occur within the sub-ring. 
ZfJrf >=> In case of the communication of each of the sub- ring controller connected to 
main ring controller, each of the sub-ring controllers usejjwly^rhewavelength pre- 
allocated to itself to transmit/receive optic^l^ignSr^Also, each of the sub-ring controllers 
transmits an optical signal^Jylnone direction, for example, only in a clockwise direction 
or an ant-clockwlsedirection, so that wavelength collision does not occur within the main 



u 

if! * As can be seen from Fig. 3, there is shown the state in which a j terminal in the sub- 



ring i transmits an optical signal to a 1 terminal in the suh-ring k. The n number of sub- 
rings is connected to the connection nodes in the main rings via respective sub-ring 
controllers and the n number of terminals is connected to respective sub-rings. The 
^ 15 number of wavelength used in the entire network is n, and the wavelengths allocated lo 

M= respective terminals and sub-ring controllers are as follows, 

= y 

fjjj That is, the use wavelength of the sub-ring controller i is X ; (where, i ~ 1, n), 

and the use wavelength of the terminals (i, j) is X j (where, j ~ 1, .... n), wherein i is an 
index of the sub-ring and j is an index of the terminal. Therefore, the terminals (i, j) 
20 represent the j-th terminal connected to the i-th sub-ring. 

Also* the arrows indicated dotted lines in Fig. 3 represent a transmit direction of the 
i packet, and characters on the dotted lines represent wavelength used to transmit the packet. 
That is, the terminals (i j) uses the wavelength X \ to transmit the packet to the sub-ring 
controller i and the sub-ring controller i uses the wavelength X i to transmit the packet to the 
25 main ring controller. Meanwhile, in the main ring controller, the main ring 
transmits/receives an optical signal in which the wavelengths used by all the suh-ring 
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controllers are multiplexed in a clockwise direction but each of the sub-ring controllers 
receives only the optical signal loaded on the wavelength allocated to itself. Also, in each 
of the sub-ring controllers, a corresponding sub-ring transmits/receives an optical signal in 
which the wavelengths used by all the terminals are multiplexed in a clockwise direction 
:~> but each of the terminals trail siiiits/ieceives unly the optical signal loaded on the 
wavelength allocated to itself. 

For example, if there is a packet P from the terminals (i j) toward the terminals (k f l), 
(where, k*l, n, 1=1, n), the terminals (ij) uses the wavelength X } ta the packet P to 
the sub-ring controller i. 

1 0 Sub-ring controller i confirms destination address of the packet P by performing IP 

address comparison calculations. That is. as m x n number of terminals is connected in 
this IPOW network, totally n x n number of IP address comparison operations are 
performed. At this time, if the packet is transmitted/received between the terminals 
connected to the same sub-ring, the corresponding packet is routed in the corresponding 

15 sub-ring controller according to the existing internet protocol, without being transferred to 
the main ring. 

But, as the destination of the packet P is the terminal (k, I), the sub-ring controller i 
adds the identifying code k (which is called a X tag) of the wavelength X k allocated to the 
sub-ring controller k and then loads the extended packet P+k on the wavelength X - t io 
20 transmit it to the main ring controller. This extended packet is loaded on the wavelength X h 
experienced by wavelength division multiplexing process along with wavelengths in the 
\ other connection nodes, transmitted to the main ring and then dropped at the main ring 
controller! 



25 extended packet P+k that is received via the wavelength X \ and then loads the extended 
packet P+k on the wavelength X v . Then, the main ring transmits the packet in a 



Then, the main ring controller confirms the wavelength identifying code k of the 
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clockwise direction, the main ring controller performs a total m number of wavelength 
identifying code comparison calculations to extract its sub-ring to which its destination 
terminal is connected. 

The sub-ring controller packet k removes k from the packet P+k, conforms that its 
5 destination is the i-th terminal and then transmits the packet P un the wavelength X j a> 
transmit it the sub-ring k. At this time, the sub-ring controller n performs a maximum n 
number of IP address comparison calculations and then transmits the packet, with a 
corresponding wavelength, to the destination terminal. 

As the terminal I receives only the optical signal loaded on the wavelength ). the 
10 packet P generated at the terminals (i, j) arrives at the terminals (kj). In addition, other 
terminals than the terminals (kj) do not receive the packet P. 

At this point, the signals transmitted to the main ring and the sub-ring arc 
wavelength division multiplexed signals, where different wavelengths arc allocated to each 
of the connection nodes connected to the main ring and different wavelengths are also 
1 5 allocated to each of the terminals connected to the sub-rings. In order for the n number of 
wavelength used in any of the sub-rings to be reused in all the sub-rings, each of the sub- 
rings must accommodate the n number of terminals and the n number of the sub-rings is 
connected to one main ring. By doing so, the number of wavelength used in the entire 
network can be minimized, and at the same time the number of terminals that can be 
20 accommodated, can be maximized. That is, making the parameter m=n as mentioned 
above is a method of maximizing the efficiency of the network. In this case, a network 
i structure, in which the n x n number of terminals could be accommodated only using (he n 
number of wavelength, is made possible. 

As mentioned above, in the internet protocol network according to the present 
25 invention, each of the terminals communicates with a single sub-ring controller and all the 
sub-ring controllers communicates via a single main ring controller managing the sub-ring 



12 



12-28 09:09 THU FROM: YOUNG I L 082025518938 TO: 9001 12066886031 PAGE: 21 



controllers. This is for preventing a wavelength collision occurring at the time when the n 
number of wavelengths is reused by all the sub-rings. 

A routing scheme using this wavelength identifying code is not applied only to a 
nested ring structure as in the present invention but it can be applied to any networks 
5 satisfying the above-mentioned four prerequisites. If ihc routing scheme using the 
wavelength identifying code proposed by the present invention is employed in the nested 
ring structure proposed by the present invention, however, the number of terminals that 
could be accommodated can be maximized using the limit frequency and the most 
simplified structure can be made considering the survival of the network. 
10 A s aforementioned, the basic structure of the IPOW network accordinu to the 

present invention and a routing scheme using the X tag in this nelwork structure were 
Iff explained, and then each of devices for establishing the routing scheme will he explained 

as follows. 

As mentioned above, a wavelength coupler is mounted to each of the terminals 
15 connected to the sub-ring and each of the connection nodes connected to the main ring, 
which adds/drops only its own user wavelength allocated to himself 

Fig. 4 shows one embodiment of a wavelength coupler, which is installed at each of 
the terminals in the sub-ring and at each of the connection nodes in the main ring. The 
wavelength coupler includes an input circulator 41, a fiber Bragg grating 42 for reflecting 
20 unique user wavelength from corresponding terminal or connection node and passing other 
wavelengths, and an output circulator 43. 
J The input circulator 41 transfers the wavelength division multiplexed signal 

inputted via the sub-ring or the main ring to the fiber Bragg grating 42, and also drops 
unique user wavelength from the corresponding terminal or the connection node, which is 
25 reflected by the fiber Bragg grating 42. The output circulator 43 transfers the signal added 
at the corresponding terminal or the connection node to the output terminal of the fiber 
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Bragg grating 42, multiplexes it along with the signal passed through the fiber Bragg 
grating 42 and then transmit the multiplexed signal to the sub-ring or the main ring. 

Fig. 5 is a functional block diagram of the sub-ring controller according to one 
embodiment of the present invention. 
* Referring now to Fig. 5, the sub-ring controller is mainly divided into a sub-ring 

managing section and a main ring managing section. The sub-ring section includes a de- 
multiplexer (AWC) 501 for de-multiplexing the wavelength division multiplexed signal 
from the sub-ring, a packet controller 502 for confirming the destination address of each of 
the de-multiplexed signals and for transferring the de-multiplexed signal to a packet 

' K) S rou Pine section 503 if the destination address belongs to the same sub-ring or transferrin*' 

Q ° * 

S the de-multiplexed signal to a X tag attachment section (ENCAP) 514 if the destination 

y? address belongs to other sub-ring to route the path of the packet, a packet grouping section 

50.1 for grouping the packets for respective destination addresses from the packet controller 

yy 

Ln section 502, a wavelength allocating section 504 for loading the grouped packet on the 

' a 1 5 wavelengths allocated to each of the destination terminals, and a multiplexer (Coupler) 505 

N; for performing a wavelength division multiplexing for the signal to be transmitted to the 

ry respective destination terminals to transmit the result to the sub-ring. 

q T he main " n g managing section includes a light receiver 51 1 for receiving only a 

P signal having a corresponding wavelength via the wavelength coupler from the main ring, a 

20 lead frame section (Re-fraraer) 512 for processing a signal including CRC (cyclic 
redundancy check), a X tag delineating section (DECAP) 5 1 3 for delineating a X tag and for 
) transmitting a packet to the packet controller 502 in the sub-ring managing section, a X tag 
attachment section 514 for attaching the X tag received from the pack controller 502 in the 
sub-ring managing section to the packet to be transmitted, a lead frame section (Framcr) 
25 515 for combining the X tag with the packet to expand the combined packet, a wavelength 
controller 516 for transforming the expanded packet into a wavelength allocated to the 
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corresponding connection node, and a light transmitter 517 for transmitting ihe expanded 
packet to the main ring. 

If the source terminal and the destination terminal are connected to the same sub- 
ring, a routing is possible when the packet is processed only within the sub-ring managing 
section. If the source terminal and the destination terminal are not connected to the some 
sub-ring, a routing is possible when the packet is processed both in the sub-ring managing 
section 

Fig. 6 is u construction of a high-level network controller according to one 
embodiment of the present invention, which is a structure for switching a packet at high 



The main network controller includes a X-tag delineator 61, a X-tag based switching 
section 62, buffers 63 each provided for wavelengths, respectively, a lead frame section 64 
and a transmitter 65. The X-tag delineator 61 delineates the X-tags added to the packets. 
The X-tag based switching section 62 distributes the packets to the buffers 63 allocated to 

1 5 respective wavelengths based on the delineated X-tag. The buffers 63 store the packets and 
each are provided for wavelengths, respectively. The buffers manage the packets based on 
the FIFO (first in first out) priority or any priority policy if there is any specific priority. 
The lead frame section 64 adds/transmits the X-tag and information necessary for 
transmitting the packet if necessary. The transmitter 65 reads the packets from the buffers 

20 63 to convert the read packets into optical signals. 

At this point, in respective control nodes, as the packets loaded on different 
\ wavelengths do not share the buffers and the transmitter, the time taken to manage the 
buffers can be shorten and the packet can be transmitted with being loaded on a desired 
wavelength, without requiring an expensive wavelength converting apparatus. 

25 At this point, the mam ring controller switches at high speed the packet extended by 

the wavelength socket scheme. In other words, if the packet arrives at the main ring 
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controller, the ?,-tag delineator 61 confirms the X-tag added lo the packet and the X-tag 
based switching section 62 distributes the packet into the buffer allocated to the 
corresponding wavelength according to the X-tag. The buffers 63 store temporarily the 
transmitted packet and the transmitter 65 reads the packet from the corresponding packet 
5 and then loads the signal on the wavelength allocated tu transmit it. At this time, ii'lhe 
sender tries to transmit the packet to the sub-ring control node to which the destination 
belongs using the sub-ring control node connected, if necessary, the lead frame section 64 
adds information necessary for transmitting the packet in addition to the >.-tug of the 
corresponding destination to transmit it. 
q 10 As such, the wavelength socket scheme operates very simply. As the buffer and 

J^J t,lc transmitter are independently operated by wavelengths, however, the structure of the 

Ul swilch bcc0l ™s simplified. Also, as additional wavelength transformer is not required, a 

r; stable operation of the switch can be assured. Further, due to combination of the simple 

structure and the routing scheme using the X-tag, the speed of the packet switching could be 
s 1 5 significantly improved. 

As such, the wavelength socket scheme in which the buffer, the lead frame and the 
transmitter are provided for wavelengths is the core technology in developing a high-speed 
packet switch suitable for the wavelength division multiplexing network. The construction 
of the switch has the following characteristics. 
20 Fir st. independent output buffers and transmitters are allocated to respective 

wavelengths. Second, the output buffers allocated for respective wavelengths can be 
i independently managed in order to assure QoS (quality of service) for wavelengths. For 
example, considering only two buffers, one buffer may be managed based on the FIFO 
priority and the other buffer may be managed based on a given Heuristic algorithm. 

25 
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This basic structure of the 1POW can be extended horizontally or vertically, and the 
sub-rings of Fig. 3 only can be extended horizontally. Fig. 7 to 9 illustrates various 
embodiments of the network structures. 

Fig. 7 illustrates an horizontally extended embodiment of the basic structure of the 
5 rPOW network shown in Fig. 3. In this structure, each comitxtiuji nodes of two main 
rings is mutually connected by using a gateway controller, and is connected to other main 
ring instead of the sub-ring. This gateway controller changes X-iag transmitted from a 
transmitting part of the main ring into wavelength identifying code of said sub-ring having 
destination terminal, 

|() That is, referring Fig. 7, a flow of transmitting a packet to a sub-ring j of a second 

main ring from a sub-ring i of the first main ring will be explained as follows. First, when 
packet (P 0 ) including an address of the destination terminal is transmitted from n number of 
terminals of the sub-ring of the first main ring, the controller of sub-ring i confirms that the 
destination terminal locates in sub-ring j of the second main ring, adds wavelength 
1 > identifying code k according to connection node k of the two main ring, loads the extended 
packet (Po+k), and then transmits it to the controller of the second main ring. 

The controller of the first main ring extracts and confirms the wavelength 
identifying code of the extended packet (Po+k), and loads to transmit the extended packei 
_ (Pt.+k). The extended packet (Po+k) to h drops from connection node k of the first main 

Q : 20 ring, and transmits it to gateway controller. This gateway controller 71 removes X-tag in 

the extended packet (Po + k), confirms the address of destination terminal of the packet, adds 
the wavelength identifying code j according to sub-ring j having the destination terminal, 
j and then loads the extended packet (Po+k) to X k , and then transmits it to the second main 
ring. The controller or the second main ring loads and transmits the extended packet to 
25 using the wavelength identifying code j of the extended packet, and the extended packet 
drops at the sub-ting j 

Fig. 8 illustrates the basic structure of IPOW shown Fig. 3 extended vertically 
according to an embodiment of the present invention. That is, sub-ring, intermediate ring, 
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and main ring make a structure of a three-layer structure. Said sub-ring controller 8 1 adds 
a first X-tag ().,) of the intermediate ring having destination terminal and a second X-lag (X 2 ) 
of identifying code of said sub-ring, to the packet (P 0 ) for transmitting, and then transmits 
extended packet. That is, said sub-ring controller attaches two X-tags, and transmits to 
5 intermediate ring. Of course, if said sub-ring controller intends to transmit the packet lo 
the sub-ring connected to the intermediate ring, the state of the first X-tag (X,) is null, and 
the second X-tag (X 2 ) adds to transmit the sub-ring identifying code having destination 
terminal. 

Then, said intermediate ring controller 82 confirms a first X-tag of said intermediate 
1 (i ring included in the extended packet transmitted from said sub-ring, and if a state or the 
k-lag is null, said intermediate ring controller confirms identifying code of said sub- 
Q rin & and then transmits said extended packet to said sub-ring having said destination 

terminal, and if the state is not null, it transmits said extended packet to said main ring. 
Then, said main controller 8? confirms identifying code of said intermediate ring included 
15 in the extended packet transmitted from said intermediate ring, and then changes said 
identifying code of said intermediate ring into a null state, and then transmits said extended 
packet lo said intermediate ring having said destination terminal. 

Fig. 9 shows an example in which two sub-rings are horizontally extended. 
That is, any terminal in a first sub-ring and any terminal in a second sub-ring are 
20 connected or two sub-rings share a single terminal, and the same unique user wavelength is 
allocated to two terminals in the two sub-rings. Fig. 9 shows that a terminal j in the first 
sub-ring and a terminal j in the second sub-ring are connected to each other. 
. First, the terminal i in the first sub-ring generates a packet to be transmitted to a 

terminal k in the second sub-ring, adds/extends a source address and a destination address 
25 to the corresponding packet, and then loads the extended packet on his unique user 
wavelength (X ;). Then, the wavelength coupler in the terminal i adds/multiplexes the 
unique user wavelength on which the extended packet is loaded, and then sends the 
multiplexed wavelength. The wavelength division multiplexed signal transverses the first 

18 
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sub-ring and then drops to a first sub-ring controller. Then, the first sub-ring controller de- 
multiplexes the wavelength division multiplexed signal, loads it on the unique user 
wavelength (X j) in the terminal j being the destination terminal, using the destination 
address included in the corresponding packet, and then performs wavelength division 
5 multiplexing process for the dc-multiplexed wavelength division signal along with oilier 
wavelengths to transmit the result to the first sub-ring. The wavelength coupler in the 
terminal j or the first sub-ring drops only its own unique user wavelength (^j among the 
wavelength division multiplexed signals that flow into the first sub-ring. 

The terminal j in the first sub-ring passes the dropped signal to the terminal j in the 
10 second sub-ring, and the terminal j in the second sub-ring add&'multiplexes it to the 
wavelength division multiplexed signal in the second sub-ring to send the result. The 
wavelength division multiplexed signal transverses the second sub-ring and then drops to a 
second sub-ring controller. Then, the second sub-ring controller de-multiplexes the 
wavelength division multiplexed signal, loads it on the unique user wavelength (1 h ) in the 
15 terminal k being the destination terminal, using the destination address included in the 
corresponding packet, and then performs wavelength division multiplexing process for the 
de-multiplexed wavelength division signal along with other wavelengths to transmit the 
result to the second sub-ring. The wavelength coupler in the terminal k of the second sub- 
ring drops only its own unique user wavelength (k k ) among the wavelength division 
20 multiplexed signals that flow into the first sub-ring. 
^£>^ Fi g* 2 shows that two sub-rings are horizontally con nected to each rit hrx hut *tfmr 



$ suju4ngs may be connected thereto via other terminals. 
Fig! 3 is one embodiment for illustrate 
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In the IPOW network having this strucrure, a method of routing a packet from a 
sub-ring I to a sub-ring n (where n is a natural number greater than 1) will be below 
explained. 

First, if a packet P, which is generated at a given terminal connected to the sub-ring 
S I, arrives at the sub-ring controller 1, the sub-ring controller 1 confini.s the destination 
address or the packet P. That is, as m x n number of terminals is connected in this IPOW 
network, totally n x n number of IP address comparison operations are performed. Ai this 
lime, if the packet is transmitted/received between the terminals connected to the same sub- 
ring, the corresponding packet is routed in the corresponding sub-ring controller according 
1 0 lo the existing internet protocol, without being transferred to the main ring. 

As mentioned above, the present invention has the following advantages, compared 
jjj 10 ,hc » ecli no'ogy of switching and transmitting an optical signal using the conventional 

SDH/SONET protocol: 

Ul First > jt ca " minimize additional information to be added lo the IP packet in order lo 

15 switch and transmit the optical signal. Also, a high-speed switching is made possible due 
~. to simplified packet structure. Second, it does not require expensive optical element or 

IU systems. Third, it can minimize the processing by electrical signal to improve stability and 

J: performance of the network. 

O The present invention has been described with reference to a particular embodiment 

20 in connection with a particular application. Those having ordinary skill in the art and 
access to the teachings of the present invention will recognize additional modifications and 
\ applications within ihe scope thereof. 

It is therefore intended by the appended claims to cover any and aJI such 
applications, modifications, and embodiments within the scope of the present invention. 
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